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(57) Abstract: A copper alloy, which has a chemical composition, in mass %, that Cu: 69 to 88 %, Si: 2 to 5 %, Zr: 0.0005 to 
0.04 %, P: 0.01 lo 0.25 %, and the balance: Zn, wherein with respect to [a] mass % representing the content of the element a, the 
relationships: fO = [Cu]- 3.5[Si] - 3[P] = 61 to 71, fl = [P]/[Zr] = 0.7 to 200, G = [Si]/[Zr] = 75 to 5000 and D = [Si]/[P] = 12 to 
240 are satisfied, which has a metal structure wherein <X phase and K phase and/or T phase are present and, with respect to [b] % 
representing the content of the phase b, the relationships: {4 = [a] + [r] + [f^] ^ 85 and f5 = [ r ] + [ AC ] + 0.3[ ] - [ /8 ] = 5 to 95 
are satisjBed, and which has an average crystal grain diameter of 200 // m or less in a macroscopic structure immediately after the 
solidification of a melt of the alloy. 

(57) WH^i Cu : 69'-88mass %<t ^ Si :2--5mass%<b:. Zr:0. 0005-'0. 04mass% 

P:0. Ol-O. 25mass%<h. Zn: Slg|5 i: b Jfe y s TC^aO)-^^!: [a] mas s%IZOLnT. 
fO= [Cu] - 3. 5 [Si] -3 [P] = 61-71. f1= [P] / [Zr] =0. 7-200. f2 = 
[Si] y [Z r] =7 5-5 0 00Jtt/f 3= [Si] / [P] =1 2 - 2 4 O (DgB^^ L . affiir/cffiJ^t/ 
rffiirS-^^LfioSa^fcfcMt^ffibCD^** [b] %lC■:?L^Tf 4= La] + [r] + [fc] ^85& 

t/f 5= [r] + [a:] +0. 3 [u] - LP] =5-9 5(Diig«$*-ri>*Rffl»«ftL. m^mim<D^<?n 
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SL, SZ, TZ, UG, ZM, ZW), ZL— ^ vT (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM). 3 — □ (AT, BE, BG, 
CH, CY, Cr/, DH, DK, HH, ES, FI, FR. GB, CJR, I II J, IH, 
IS. rr, LT, LU, LV, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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m m * 

[0001] :^mm ^it-i*. mmm<^i^ mm, m^^m) , mm^, mmm^, mmm<D 

[0002] ^^^fi. -^(D^muntmm. m^sm<DMm^x^rmjd^^\^±-r^:^t 

[0003] MbT. m^^(D^^n.m:imm^\:.ir^m^mmtL.xi-i^ -m^. (Am^^ 
(Dmrnm^mi^^^^mmm^t-r^m^t. (b) mmm^m<7m^4^. (^'^=f^yK 

mmfiQim^mi-^tizx^.^.=^^/v^^(Dmm^^/^^:ibmm:fjtfi:^xm^n 

iz.i^m-r^7tmtvx^hfix\^ >§o 

. m^Bn(Dumi\:^m^^ti)mibtix\^^^o 

[0005] #<2iF^38-20467-^<2^#«. Zr. P, Ni^-g■^^i^-^^^;I^^*:{b^a^^t>'^V^, 
^ 75 % (DM HmXi^mM Ji^Ml^fc'^CO^Wi^^m^1^^m^fch(DX\ Zr^^ 
^l.fj:\^^t^(D280 nn^^h. 170/i in(Zr:0. 05mass%^^) . 50^ m(Zr:0. 13 
mass%^W). 29/xm(Zr:0. 22mass%-^^)^ 6jum(Zr:0. 89mass%-^^) O 

^p<. ZT<D^mm<DmMzitmvxwLmih^ti^^t^m7^ir^o ^(D^m^ 

*5V^-C{i. Zr(D-^W3g#{^i5TO#^[Eljffi-r-5fcfetC, Zr^O. 05~0. 3mass% 
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[0006] */c. #r3^2004-233952^^^#Bii-^i, 0. 15—0. 5mass%(7)Zr;5S-^;!jp$ 

#rF3i:ffi^2 : #P2004-233952<^# 
[0007] (B) <D#iSfe<DJ:5l-. ^S*A=S^m*IB^b$*6fcfe(C. 

^m. mT^^n^j:^^ti-i^mx^^^K ='^hiS^s<o *fc. ZTnmmf£7i.mxh 
s*^^. m^^m^xv. mMmi^x^:6fm'j^^£<n:k.^:it7im'^'u^\ 
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[0010] ^mmit. ±mvtL^i<im^xf£:^titch(Dx\ ^^mi<DWLm^[:KMmi^, m 

[0012] ir/j:i^ib. ^mmit. Ull^. Cu:69~88mass% (^*b<tt70~84mass%. J; 
•?0*U<{*71. 5~79. 5mass%, ft3g{C{a73~79inass%)^, Si:2~5mass% 
(^:Sb<{i2. 2~4. 8inass%, i!9^*L<{i2. 5~4. 5mass%. *jitCtt2. 7~ 
3. 7mass%),^. Zr:0. 0005~0. 04mass% (0*b<f*O. 0008~0. 029mass 
%. J:'90*L<(iO. 001~0. 019mass%. JB:{-0*U<}^O. 0025~0. 014nias 
s%. ftjgt^JiO. 004—0. 0095mass%)^.P:0. 01~0. 25mass% (0*L<{* 
0. 02~0. 2mass%. ^W^VKHO. 03~0. 16mass%. SiilC^O. 04~0. 1 
2mass%)i:. Zn-.mUtTb^hm. TBB<7)(l)~(7)0^f4=Sr^JS-rS^'g'^(iJ>lT 

[0013] m2(c, mim^^fDmmyvmi^sn. AsRxj^shi)^hmm^tiimu±: 

(D^m^^i^-^^^'^fcm.f^^^j:'th<DXh'oX^ Cu:69~88mass% (^^b<f^ 
70~84mass%. J;f9$f*L<(*71. 5—79. 5mass%. ftigi-«73— 79mass%) 
Si:2~5mass%(0*b<{S2. 2~4. 8mass%. J:«9^*L<fi2. 5~4. Smass 
%> ftji}-(*2. 7~3. 7mass%)i:. Zr:0. 0005~0. 04mass% (/ff*L<?i0. 0 
008~0. 029mass%, j:l9^*b<{i0. 001~0. 019mass%, MJ^^tf *b<{*0. 
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0025~0. 014mass%. ftMf-fiO. 004~0. 0095mass%)i:. P:0. 01~0. 25 
mass%(^?^L.<f40. 02~0. 2mass%. j;l9$f*U<{iO. 03~0. 16mass%, ft 
)il;i(*0. 04~0. 12mass%)i. Sn:0. 05~1. 5mass% (^*U<}*0. 1~0. 9 
mass%, J;?)^*L<«0. 2~0. 7mass%. ftjitcifm 25~0. 6mass%). As:0 
. 02~0. 25mass%(^^U<f±0. 03~0. 15mass%) JlTJ?Sb:0. 02~0. 25ma 
ss%(0*L<(iO. 03~0. 15mass%);6^^)3l#^$n/clWJi>^_hcD5nl^i:. Zn:^§|5 

t^^ib^£^ . rm<D (1) ~ (7) (Dmi^^m^-r^m^^. mr ^m2m^^] t\ ^5) ^ 

H^-rSo ^<^M2i^'^^tCfeo-Cfi. _hfE^#fC^JPx.T. Micl, Tfao(10)~(15 

[0014] ^35-. ||l^'§'^<Dlt^^m{-AU Mn:S.t^^Mg^^^M^LfciaiJ^ 

±C»7n^^j5(--^#$-&fc:|a^^?fe-r^>(^-C$>oi:. Cu:69~88mass% (0^V< 
«:70~84mass%. j;?)0*b<«71. 5~79. 5mass%, ftig{cl}i73~79mass% 
Si:2~5mass%(0^L<{i2. 2~4. 8mass%. j:l9^*L<{*2. 5~4. 5mas 
s%. ft5gJ^{-i2. 7—3. 7mass%)t. Zr:0. 0005~0. 04mass% (^^b<f*0. 0 
008~0. 029niass%. ^L<J^O. 001—0. 019mass%. W.KBt.V<nO. 
0025—0. 014inass%. *)i{C{iO. 004—0. 0095mass%) i:. P:0. 01—0. 25 
mass%($?*L<«0. 02—0. 2mass%. c];90^b<f*O. 03—0. 16mass%. ft 
j6(;i{:i0. 04—0. 12mass%)i, A1:0. 02—1. 5mass% (/if L< fiO. 1—1. 2m 
ass%), Mn:0. 2— 4mass% ($f*L<^40. 5—3. 5mass%)^t;?Mg:0. 001—0 
. 2mass%:^>hmn^tlf:iim^±(D^mt. Zn-.m^t^^hfj:^. TtB(D(l) — (7) 

oxit. ±m^m^M^x. T^<^(io)-(i5)o^{^^?tj£i-5r^^w* 

UVNo */c. ^3^-a^^^s^giJ;!jpx^igi^^i:i-?)'b<^'^$)5J^^{cft. 
(c^n ;t-c. ( 1 7) (D^{4=^?^S-r5::i:;5W*bV \ 
[0015] :*:^0j3f*. ^4^^, ||l^^^O«^^^{CSn, As^U?Sb^^?p^^iRL-fcl«J^X± 
<^^?li^AU Mn^t/Mg;0^biliRb/cl«J^±cD^3^i:^3gic-^*$ii:fcm^^^i 
-t-^>(^-efeo-r. Cu:69— 88mass%(0*U<{^7O— 84mass%. J;l9^1^b<fi71 
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. 5~79. 5mass%.*jl{3:Ji73~79mass%)i. Si: 2~5mass% ($f*b<f*2. 
2~4. 8mass%, J:l90*b<(i2. 5~4. 5mass%, ftjgi;i{42. 7~3. 7mass%) 
i:, Zr:0. 0005~0. 04mass% ($?*b<«0. 0008~0. 029mass%, J;9^^b< 
fiO. 001~0. 019mass%. Mt-^*L<}^0. 0025~0. 014mass%, :g:ig{;if*0 
. 004~0. 0095mass%)i. P:0. 01~0. 25mass% (^*b<^iO. 02~0. 2ma 
ss%. J;<9^!f*L<ttO. 03~0. 16mass%. ftigt^fiO. 04~0. 12mass%)i. Sn 
:0. 05~1. 5mass%(^*U<(*0. 1~0. 9mass%, j;«90*U<(iO. 2~0. 7ma 
ss%. ftiii^fiO. 25—0. 6niass%). As:0. 02~0. 25mass%(0*U<}*O. 03 
~0. 15mass%)JtU«Sb:0. 02~0. 25mass%(^*b<riO. 03~0. 15mass% 
)^^hmn^infcimU±(D7cmt. A1:0. 02~1. 5mass%(0*L-<{*O. 2 
mass%),Mn:0. 2~4mass% (^*b<(*0. 5~3. 5mass%):S.t>^Mg:0. 001 
~0. 2mass%^^hmH^nfcim^±<D^mt. ZnrM^^^bJfet). TIEO(l)~ 

(7) o^^^^js-rs^-^^ (ii^iT r^4^0'^^j ^v>5) ^mm-t^o ^(Dmm^^ 

0*bv\ ^/c. ^4^-^t^;os^^ij;!jpx^ie:^^ir-r§^j(D-cfc§#'g>(cf*, cne><^^ 

[0016] mste:. mim^^<DmS^7cmi^Ph. BU SeRUTet^hmm^tlim 

SX±<D^m^^i^^^^^fcmi^^^i:irh<D'Vh^X. Cu:69~88mass% 
<«70~84mass%. J:«90*b<fi71. 5~79. 5mass%, :g:ag(ilfi73~79mass 
%)^. Si:2~5mass%(0^L<tt2. 2~4. 8mass%, J;«9$?-SL.<{i2. 5~4. Sm 
ass%. aigtc:}±2. 7~3. 7mass%)i;, Zr:0. 0005~0. 04mass% (^f iL<{iO 
. 0008~0. 029mass%, i«9^*L<(iO. 001~0. 019mass%. Hf-^*L<fi: 
0. 0025—0. 014mass%. ftiltmo. 004~0. 0095mass%) P:0. 01~0. 
25mass%(^*b<{*0. 02~0. 2mass%. j:!9/ff*b<«0. 03~0. 16mass%. 
SiMi-tiO. 04—0. 12inass%)i:. Pb:0. 005—0. 45mass% (0^U<«O. 005 
—0. 2mass%, i«P0^b<(*O. 005—0. lmass%) , Bi:0. 005—0. 45mass% 
(0*b<{*O. 005—0. 2mass%. X^0i^V<itO. 005—0. lmass%). Se:0. 0 
3—0. 45mass%(0*L<fiO. 05—0. 2mass%. j;9^*L<{:i0. 05—0. Imas 
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s%):S.OTe:0. 01~0. 45mass% (0*U<(*O. 03~0. 2mass%, J;«90*U<fi 

o. 05—0. imass%)^^hm^^nrcim^:x±(D^mt.zn:m^t^^hti:\).Tm(D 
(1) ~ (8) (D^w^m^-r^m-^^ r^s^-^^&j ^5) ^mm'r?>o ^c>^5 

[0017] meiz, m5m^^.(Dm^7hmi,^sn, AsRxfsh^^hmm^fcim!^± 

<D^m^^i^'^^^'^tM^^^J:irii(DXhoX. Cu:69~88mass% (^*L<{* 
70~84mass%. J;?)0*L<«71. 5~79. 5mass%. *ji(Cf*73~79mass%) 
Si:2~5mass%(0*b<{i2. 2~4. 8mass%, j;?)0*U<{*2. 5~4. 5mass 
%. Mf-{*2. 7—3. 7mass%)i:. Zr:0. 0005—0. 04mass% (0^b<«O. 0 
008—0. 029mass%. J;?)$f ^b<i*0. 001—0. 019mass%. M^C^*U<^^0. 
0025—0. 014mass%. :g:jilcl{*0. 004—0. 0095mass%)i!, P:0. 01—0. 25 
mass%(^*L<}m 02—0. 2mass%. J;t>0*b<fiO. 03—0. 16mass%. S 
)S(-fi0. 04—0. 12mass%)t. Pb:0. 005—0. 45mass% (^f * U< «0. 005— 
O. 2mass%. j;i9$f*b<ttO. 005—0. lmass%) . Bi:0. 005—0. 45mass%( 
^Ef*U<{*0. 005—0. 2mass%, J;90*b<{*O. 005—0. lmass%), Se:0. 03 
—0. 45mass%(^*U<{*0. 05—0. 2mass%. <t<90*b<}*O. 05—0. Imass 
%)RXJ^Te:0. 01—0. 45mass% (^*b<r±0. 03—0. 2mass%. J;«9^*b<{* 
0. 05—0. lmass%)ib>hm^^nfcimi^±<^7i.^t. Sn:0. 05—1. 5mass%( 
^^b<(i0. 1—0. 9mass%. j;«90:SL<«O. 2—0. 7mass%. ftit^-fiO. 25— 
O. 6mass%), As:0. 02—0. 25mass% (0*b<(iO. 03—0. 15niass%)^t5S 
b:0. 02—0. 25mass%(^if*U<(40. 03—0. 15mass%);ei^t>MiR$tt;feia£i. 

ic. Tte(D (9) - (16) (D^Pr^m^'T^^tm'i-^L-^ \ *fc. ^eif-a^^^s^-^ijip 
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[0018] ^^Bj mvK. m5m^^<Dmm.5im{^Ai^ Mn&xj^Mgi)^hm^vfcim}^ 

±<D^m^^i^^^^^tlUf^^tf:'f'h(D'Ch'oX. Cu: 69~88mass% (0*b< 
«70~84mass%. J;?)0*U<}*71. 5~79. 5mass%. ftji}^}*73~79mass% 
Si:2~5mass%(^Jl^b<(i2. 2~4. 8mass%. i!90*b<«:2. 5~4. 5mas 
s%, ft7i{-fi2. 7~3. 7mass%)^, Zr:0. 0005~0. 04mass% (j{!f*b<{^0. 0 
008~0. 029mass%, J;«9$?^b<{iO. 001~0. 019mass%. M(c:0*L<{iO. 
0025~0. 014mass%. ftjgt^fiO. 004~0. 0095mass%)^. P:0. 01~0. 25 
inass%($?*L<f*0. 02~0. 2mass%, J;«?0*L<{*O. 03—0. 16inass%, :gr 
iilCf^O. 04—0. 12mass%)^. Pb:0. 005~0. 45mass% (^*b<«0. 005— 
0. 2mass%. j:«9/il?*U<fiO. 005—0. lmass%) , Bi:0. 005—0. 45mass%( 
^*b<{*0. 005—0. 2mass%, J:<90^b<(4O. 005—0. lmass%) , Se:0. 03 
—0. 45mass%(^f*L<}*0. 05—0. 2mass%. J;!P^*U<J*0. 05—0. Imass 
%)^OTe:0. 01—0. 45mass%(0*b<f*O. 03—0. 2mass%. J:«?^*b<f* 
0. 05—0. lmass%):d^hM1^^tltilMS^±(D7C^t.Al:0. 02—1. 5mass%( 
^*b<«0. 1—1. 2mass%). Mn:0. 2— 4mass% (^*b<{*0. 5—3. 5mass 
%)^tKMg:0. 001—0. 2mass%:fy^hm^^titcim^±(D^mt.Zn-M^t^^ 

hm. rm<D (1) - (8) (D^ii^^m^ir^m^^ a^r^mrm^^} ^5) ^li^ 
-r^o ^(Dm7m-^^A^h-:>xit. ±mm'¥\^Mx.x. tiec^^o)- (i6)<^^ 

irh<DXhoX. Cu:69— 88mass%(^4L<{i70— 84mass%, i«90*b<{i71 
. 5—79. 5mass%. ftjSle:«73— 79mass%)i:. Si:2— 5mass%(^*b<fi2. 
2—4. 8mass%. j:i90*L<{i2. 5—4. 5mass%. *aa{c:(42. 7—3. 7mass%) 
Zr:0. 0005—0. 04mass% (0*b<«O. 0008—0. 029mass%, J:«9^f*b< 
{*0. 001—0. 019mass%. Ht-0*b<}^O. 0025—0. 014mass%. ;g:jSiCf*0 
. 004—0. 0095mass%)t. P:0. 01—0. 25mass% (^:^L<}iO. 02—0. 2ma 
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ss%. J;«9^?*b<iiO. 03~0. 16mass%. SjgfCfiO. 04~0. 12mass%)i:. Pb 
:0. 005~0. 45mass%(0*L-<{iO. 005~0. 2inass%, j:'9^*b<fiO. 005 
~0. lniass%)x Bi:0. 005~0. 45mass% (0*b<(*O. 005~0. 2mass%^ J; 
90*b<«O. 005~0. lmass%). Se:0. 03~0. 45mass% (0^b<fiO. 05~ 
0. 2mass%. j;«9^*b<{iO. 05~0. lmass%):S.OTe:0. 01~0. 45mass%( 
0*L<f±O. 03~0. 2mass%. J:«9^?4L<}iO. 05~0. lmass%);5^^,3^^^tl./c 
lM!^±(D7vmt. Sn:0. 05~1. 5mass% (^*b<{*0. 1~0. 9inass%. j;«9^ 
*L<ttO. 2~0. 7mass%. ftiltCttO. 25~0. 6mass%) . As:0. 02~0. 25m 
ass%($f*L<f*0. 03~0. 15mass%)^t;?Sb:0. 02~0. 25mass% (^*U<fi 
O. 03~0. 15mass%)i)^hM^^tltllMSl±(7)7C^t.Al:0. 02~1. 5mass% 
(^f*b<fiO. 2mass%). Mn:0. 2~4mass% ^b<(^0. 5~3. 5mass 

%)RUMg:0. 001~0. 2mass%^^it>mi^^tltclH^±.(D^mt.Zn:^^t^^ 

hf^^. rm(D(i) ~ (8) (^T r^s^-^^j >5) ^mm 

^tih(D^mzMK.x. (17) (D^ii\^^m^'r^^tmi'^\^^\ 

[0020] SlT<Dmm t^*5V ^T. [a] {i5t^aO'^^^^iiL^^i-^>0-T?fe«9. 5c^a<^-^ 

*»«[a]mass%-C*^$n?)o Fll^f^. Cu<Z)fr#*}^ [Cu]mass%^$n5o * 
[b] «+ibcD®^^lCj;;5-^*fi1II^^-t-%<^-e*>'9. ^Bb(D-^W*(ffi^^) tt[ 

b] %x-mm.^ti^o a tgo-^w* (® « ] %-e*^$tL§o 

00{t<^^^iS^^miil^lii^^Sy:7h rwinROOFj (;»^^tt7"5/^v:?^A) -T?2 

(1) f0=[Cu]-3. 5[Si]-3[P]+0. 5([Pb]+0. 8([Bi] + [Se]) +0. 6[Te]) 
-0. 5([Sn] + [As] + [Sb])-l. 8[A1] +2[Mn] + [Mg] =61~71 (^:^L<{i 
f0=-62~69. 5, j:S90*b<«fO = 62. 5—68. 5, MMiaW^ 64^67) 

^to 7^*5, 10f^*5V^T. -^^UceV^^^^a^c:ol/^l:^t [a] =0^1-^0 

(2) fl = [P]/[Zr]=0. 7~200(^if*b<«fl = l. 2~100, i?)0*b<}ifl = 2 
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. 3~50. Siimfl = 3. 5~30)-efcS:ii:o 

(3) f 2 - [Si] / [Zr] - 75~ 5000 (0^b< «f 2 = 1 20~3000, i ttf 2 = 
180~ 1 500. ftii(C{*f 2 - 300—900) -Cfc^slto 

(4) f 3 = [Si] / [P] = 1 2~240 (^:^b< f 3 = 1 6~ 160. f 3 = 20~ 
120. ft7i(cl(if3 = 25~80)r-fe5^to 

(5) amilK mm:^/yJii~ y +Bt^-^WbE.of4= [a] + [7] + [K]^85 (0* 
L<«f4^95)-efc§^to Jfe^S. f4^C:^3V^-C. -^^LJ'c^V^>teb^;loV^■rf*[b]=0^i- 

(6) f5=[Y] + [K]+0.3[M]-[i8]=5~95 (^*L< «f 5 = 1 0~70. 
U<J*f5=15~60. *ji{r{if5 = 20~45)-e*)5^i!o f5i;i*3V>-C. "^^U^cC 

V ^tSb{c:ov >T(4[b] -Oi!-r5o 

(7) ^Hiia^bBtO-^i^t^ai^ W¥*^^^3|^^;5S200 /z mj^^T (^*b<{*150 j[x 

mWL^-^fzMX^-^xm^M-x. mmiX^B:^m) ^;t;Dfi^ads-^jfe$tfrv ^^^^ 
(5\ vpmmm. ^mmo^. -tsm^^t^^). u^h^^y^:;^^ ±^yvyvm 

(8) f6=[Cu]-3. 5[Si]-3[P]+3([Pb]+0. 8([Bi] + [Se]) +0. 6[Te])''^^ 
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^62(0*L<fif6^63. 5)-efc'9l.of7=[Cu]-3. 5[Si] -3[P] -3 ([Pb] + 
O. 8([Bi] + [Se])+0. 6[Te])'^^^68. 5m^l^<m7^67)'^h^^to ^^.f 

(9)f8=[v] + [K]+0. 3[M]-[j3]+25([Pb]+0. 8([Bi] + [Se]) +0. 6[T 
e]) ''^'^ 10 (^*L<m8^20) -trfc«9JiLof9= [ 7 ] + [ k ] +0. 3[ ju ] - [ jS ] -2 
5([Pb]+0. 8([Bi] + [Se])+0. 6[Te])'"'^^7O(0^L<«f9^5O)-efc§i^o 
f7. f8(;l:^3V^l:.^Wb?'c^V^7C*aX«tBb^COV^-t^i[a]=0X}*[b]=0i: 

(14) [ali^30~80%(D^}§R^t^S^C*5V^-C. ^^/Kt^iT^'^^KWh-^^/M^— 
;6Si)-if^ixfc^fBlflill^;^eLl.o|lia(D2^7c?l^^;a5Fqff^^, R?^^^^3fiV^#R?l^ 

(15) @+i^60%(Dij^:^iillJ|^M{C*5VNT. |lffi<^¥i^*^^^^;5n50AtmiJ;^T( 
$f*b<{ilOOMmi^I.T^ =fc«90*b<{*5OAimiiJ!.T^ ftjg{-f*40M mi^>(.T)-e&S- 
t^t>VX^i^l^la^(^TO*:^*:^>S200/l mi^;lT(^f*U<f^l50Ai mi^J^T. i?) 

*b<(il00 IX m^Xr. ftji(-fi80 M miJ^T) -^^Sito 

(16) Pb3^:^iBi;5s-^#$^^rv^5»-^^cfco■r{i. ^^-c;^:#^(D^io:fcpb3^^^x 
}iBi^^-7-^^-^hy^yi^;^ic;^— ^c5)•mbTv^;5^to Pb^ST-xttBm^^ 

M miJ;LT({0.U. ;a:;^^^;5S3M m($f*L<^*2M^l)^Sx.?feV^)-e 

(17) -r<V^:ft:-6° &U?/-X^@:0. 4mm©^^^h^>(seffiUfd(g^fe:j;9. 
-C%^ffli^jjfe:80~160m/min. ^jZi^??il$:l. 5mm^T^M?)3^S:0. 11mm/ 
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rev. (D^ii^-ewm i^fzM^ f^*5v ^^rs^M ti^-^i^m\^< u^fk m^^^-T^b 
)tm^ (in 5 (A) ) . A^25mm&Lr(DT-ymikmm5 (B) ) jLn^Mm\n\m (C 

[0021] ML-c. mi^-msm^^i^hox. cuit^mm^^-cD^ycmx-^v). jimmm 

^^^^^1i:^if^mn7i^^?)o anh<D^^^m.'rtlit. Cu-^#»f^69~88mass 
%-C^^>-5Ci:/^5^^^^-C*)t). 70~84mass%^LT:Jo<^^;6W*U<. 71. 5~79. 5 

-^**+@2}-xfO=[Cu]-3. 5[Si]-3[P]+0. 5([Pb]+0. 8([Bi] + [Se]) 
+0. 6[Te])-0. 5([Sn] + [As] + [Sb])-l. 8[A1] +2[Mn] + [Mg] =61— 
71<Dm^^^^^lT^:itt^ii^^mXh^. f0=62~69. 5X:h^Z.ttm^\^<. i0=6 
2. 5—68. 5-efe^ri:^sj:i90^b<^fO=64~67-efc§ri:y5Sft3g-efc§o^^*5, f 

[0022] mi~^8^'^^trfcor. Znfi, Cu, Si^^t{;i, ^^^-^^(Z^^TC^tf&t). 

[0023] mi--f^8m^^i^h^x. sii-i. zr, p, cuRxiznt^m^^^t. ^^(^mm 
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(D^m&i-^^t^^i^tVX^ 2~5mass%tLT*5<i£:v^;&5fot9^ 2. 2~4. 8ma 
ss%i:bT*5<^^^W*b<. 2. 5%~4. 5%tLT*5<:ii:dW*U<s 2. 7~3. 7 
mass%^Ur*5<(DdS*)gt-5o 

[0024] ^i-msii^^t^feo-c. zr^t;^^p«, ^-a-^i^iij^'^m^^b. m^^mm^t 

[0025] ^(DXW^^Bn(DmM^[M-mn.Zrt,Z^\^XitO. 0005mass%|i^±-e^#$tV 
. 0. 0008mass%iil_b-e^;^e^^^^#$^^. 0. 001mass%J^;_h-e®*J^|il#$ 
tl. 0. OO25inass%£;^±-ej;l90^ie:^#$;a. 0. OO4mass%^±-efliJ?)T0W 
i^^W^h^^^ti'lts:^^ P}COV^-CttO. 01mass%i^A±-e|§#$^^, 0. 02mass% 
U±Xmmi^^^^tl. 0. 03mass%J^±-ei«9^1^tC^#$tl.. O. 04mass%J^ 

±xm^xmm^^M^ti^^tizfj:^, 

[0026] — Zr»^;!)D*;eiSO. 04mass%{^3tb. */cP»*;6S0. 25mass%i;iMi-'5t. 

!£^-'W^ZrRXlP(DmMM\^. Zr^CoV^-CfiO. 04mass% l^TXh'O. PK^^^Xl^ 
0. 25mass%|^T-efc5^t/5S-ti.^-C$)5o Zr^tKPfi, ^n^CD»S;OS± 
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^tyb^X^^o tiiS^ i:m^i^m<WM<DZT^mMir^m^*^hi'i. Zr^O. 019mas 

^^:^t^y^y^mmnti.xmm-t^m^ia-i. zr<Dm^m. mmtm^<. zr 
i)K ^(Dx.o\z.'r^h^ x^.mm>^i<-^i:^. zx^Mhwmi\:.7tmtvxmm-^m^^ 

n^M^^^^ti^^Zr(DmMA^O. 029mass%J^Ti:UT*D<;ii:;5W*b<.0. 019 
mass%ii;Ti:U-C*5<^i:dSJ:^$f *b<. 0. 014mass%iiJLTi:bT*3<^i:;5S*t>^ 
^L<. 0. 0095mass%i:LT*5<O^5*it-e^§o Zrfi^^lOi^J'.CfSffl^UT 

mm^fcm^v^mmmu<D^:^^h^j:^jMm^mmi^xmmvfcm^) i^h. zt(d 

[0028] ^tihcD^ib^h. Zr»4{i. 0. 0005~0. 04mass%tVXio<^t7:)^>J^'^^X:h^ 
. 0. 0008 ~0. 029mass%^b-C*5<-i!^W*b<. 0. 001 ~0. 019mass%i:b 

-C*D<ri:;^i5J;«90*L<. 0. 0025—0. O14mass%i:bT*D<ii:^5;g:^0^L-<. O. 
004~0. 0095mass%ibr*5<<^;6S^3t-Cfe5o 
[0029] *fc. Pfi. ±iibfc^P<Zri:(D*^tCj;«9i^fB«^(Dl^J»l'fb^tg^lil#$-^§fcJC)};i 
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^^M.ir^b. VWiWWitO. 01~0. 25mass%i:b-C*3<^i!;0Si^/.^-e^«9^ 0. 02 
~0. 2mass%i!bT*5<^t;i)W*U<. 0. 03~0. lQma.ss%tLXid<:Ltt)^iJOUl' 
*L<. 0. 04~0. 12mass%i:L-C*5<(D;6S^jg-e*)5o 'feis, Pf*Zri:OM^;as^ 
^r*fe5;as. 0. 25mass%^jg^-cm;!jPL-C^>. »jisffl^k^;^{i^i^Jfe<. SPorMtt^ 

[0030] MLT. Zr, P^^^ti^i^^famcDm^'fb^m}*. Zr, P<D-^*fi^±fBLfcfa 

^(^^^#J^(fl = [P]/[Zr])^%it-r§j^i^^;0Sfc6o Zr. P(D-^^mk 
igjEjfef5ia}c*DV^T3ijE/j^^;!jp#J'^^/ce§j;5(-*SUT$3<^t(:ij;t)^ Zr, P(D* 
^tl^cSV ^b+BS^^ffl lcJ;o-C^O^ a +B(^5fe^ifc^^*U<<JSii$-l3r5r ^;;5S-e#, 

-efcSo Zr, Y>(D^^miim-iEmm\^m^-:>^fih(DU-^^m{m/\zr])iim 
^Mm\\:,-^m (^yx.f^zrp. zrp ) ^^^^-r^z.tt^m. a m<Dm^^'&^ 

l-x 

[p]/[zr](D#:fi/5so. 7~2ooi:/c^^ittrJ:ori«fef5n, ^<^)m-Sf^fi=i. 

2~100i:/^5ri}-ioTM{-«i6e>:h.. fl = 2. ^--50tf^^:Lt\r.i.y)m^<m^h 

^^^Bm>mmi\:.^ft^f^mzn. zr. p^sii!o^^ft#j-^(f2=[si]/[zr]^m 
[0031] -^LT. ^ffiiiS'fb^osii^TU lati(^*'J^/5s^#bT<5i^. m^nm^i>mm\m^fi 
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*ag-e^«9. mm(Dmm:mmxwti:mmm<Dmntmmt^m^x^tnt. m 

o fO;5SffJa!U/c^*bV^$Sla(fO=62~69. 5), j;«5$f*LV^f5H(fO=62. 5~68 

. 5) . mmti:mm (f0=64~67) t^j:^ \Z.%-oX^ a ffi<DS:dS±ix.. ^ 

m®iat>/h$<'fc5o xm^i^<ii. mmm^tm^x(D'/^mm&mo~'' ~io^ 
'x:yfj>(Dmmttj:^^txh'o. ft^>M*b<{4io"' ~io^ x:xw(D^mtf£^^t 
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Mi^ir^bo ^<Dfci^(D^ii^^m4^ [ a ] + [ y ] + [ K ]*5cl:0^f5- [ y ] + [ k ] +0 

. 3[M]-[/3]-efc«9. f5;5Sf^^a^bfc$f*bv^|5IS(f5=lO~70). a;^90^bv^^H 

(f5= 15-60). *jtfj:f5H(f 5= 20-45) i:Jtcsfc=e^or. m^m^xv)WLm^t^ 

n^^tiZfj:?)^ ^#(8)(C*5{tSf6. f7fifOi!^{e(<Dtf^^-t?fe(9, (9)(C*5ft5f8 

{if5t«fa(^l+^S^-T?fc?)<Z)^\ (8) (9)(D^#^'aMi-?);iirfi. fOJCoV^-C(D(l 

ovNT(D(6)(7>^f^-efc§„ tz.^x. }&^. mmmnm^^^thx\^^^:dK mM<o 

icm. y mt^W:(DFhm:^^Bm^t^^-^hV)y^:^i^m-{c^Wti\^X^Wir^^t 

^mw-r^fcib iat. (8) <D^ii^^m^'r^^t:i^£-'mt:^fi. mi- o) (D^j^^m 

[0033] &.±(D.^:^^hmm^ti^x^^z^ mi^msm^^i^^hoxn. ^i^/^<tt>(i)~(6) 

<D^i^^m^-r:5^ticxox. mmm^trnxh-ox-hmmMJiu^v^i^w^^u 

w^Mm\n^^^mnm\^±^m'o-D-D^^mi(Dwmi\:^m^^t:d^x^^o fj:^. k 

[0034] ^5~^8^'^:^fC*>or. Pb, Bi, Sc, Tcf*. ^glJtetr|Bl±$-frS 
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mM^M'r:6h(Dx-h^^K '^^mn(D'^m^\:.tmm^x (s) (D^mm^^n^^t 

^mnm(D^^j:^i^i±^m^f'ib{z\^. (8)(D^mzMK.x(9) (i6)(D^{t^-^j^ 

ph, Bi<D^^mmox. m^mmwm^i^ri^m^xmmi^mw^Mo -m^ 

J*. Pb, Bi, Se, Te^mmxmM^'^^f)\ Pb^OTe, BiJttJ^SeX^Bi^OTeO 

UT. Pb(D^;(jP*f40. 005~0. 45niass%tL-C^3<i£:^^;6Sfe«5, O. 005~0. 2m 
ass%tU-r*5<^t;5W^b<. 0. 005~0. lmass%tLT*5<ri:dSJ;!9^^UV\ 
*fc. Bi<^-^:!JUM}*0. 005~0. 45inass%t^X^<'^^^:d^hV. 0. 005~0. 2ma 
ss%i:U-C*3<ri;as0^U<. 0. 005~0. lmass%i:b-C*5<:it;6SJ;9^*UV\ * 
fc. Se<D^;!jPi}^0. 03~0. 45mass%tVXid<!ii^m^m^, 0. 05~0. 2mass 
%i:L.r*5<^t;5W*b<. O. 05~0. lmass%i!U-C43<ii:;6Sj;»50^Uv\"*^^ 
TeO^AnSttO. 01~0. 45%mass%i:Lr*5<iti^®;0Sfcf9. 0. 03~0. 2mass% 
i:b-r jB<:i^/?)W*b<. 0. 05—0. lmass%^L-C:f3<:ii;5Sj:«904UV\ 

[0035] t^^x\ Ph, Bi{iS?a-e@^-^Tx Pb^^x^iBi^^^iL■r#?5Ei-^^^;6^^9■r'^fe 
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[0036] ^2, ^4. meRXfmsm^^i^hoX^ Sn, As, Sb[^, ^i:br. SSfmiite, » 

{COV^T(*0. 05mass%ii;L±. Sb, AslCoV^-Cfi. 0. 02mass%^_h^iJPi-5:i 
^{c:j;o-C|g#$tV^o Sn, As, Sb^— ^fi^Mx.T^;!lP$-1t-Ct>. ^<Dm 

mmi^M.^m^:Am<bti^. M-oxmrnmr-r^^ti^^^^o -tit. snf*. m-m 

'^^■h(Dxhh^o sni-ii&m.^.^mx\ {i^^m(DmMxhsn(Dm\^^h^^^nm^t^ 
i^x^m^ami^m^mm>mm^x^^mmm^[:^ti^^tizx'o.sn(Dm^m 

m^^i^-^'^m.x(Dmm^^mi^±\^. 0*b<tto. 9%ur. xwtL.<m. 

7%KlTX:h^.MrMia^0. 6%J^T-efe5o SnO^;!jPS(^0. 05~1. 5mass%^ 

b-C*3<it^^^;^'^fe»9. 0. 1~0. 9mass%iL-r*D<^i:^W*L<. 0. 2~0. 7mass 
%^L-C4o<:i^^i^j:i90*L<. 0. 25~0. 6mass%iLT*5<^i:^S^®-e&;5„ * 

fc. As, Sb(D^;!jp4{^. Am^mmm^Rl^'r^Mi^^h^:tjLrX. o. 02~o. 2 
5mass%^br43<i£<>^;6S^«9^ 0. 03~0. 15mass%i:L-C*3<i^r;6W*UV\ 
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[0037] ^3. m4. mVRXimsm^^l^h^X. A1, Mn, Mg{*. ^tVX. 5K^fB]±. M 

^-^is^5> mn^^) ;65fr*tLrv t^ei^^v mmi^sm^a^^isfix 
\^^^t. ^^^nwLm^[:^mxh?>zr^m^m%:J^^vx. zricx^^w^^^nwi. 

^^^'r^:^^>y:fu^^^m.P'^t\^xmmir:5m^\ohm7^m^^n^mmth 

ir^^t7b^X^.:L(DMgSi^^ti:imi^^^i^n^Vf^tVXhmm^l^^W£Mm 

x^^<. i^.M}:is^5>;5s-^mrv ^^^timm-rmmi^i&r^^js^m^mitx^ 
fc. mm^(Dmmm7!)^^\^^t. zr^mim^^mi^x^^n<Dumimmi!)m^ 

^>^#-r§o J:b-C. Al, Mn, Mg(D-^^S«ifr^bfc$5ffli^;h.§ 

o ^.e*3. mm<Dsmm^^m<tf:ox. zri!)^sizx^xmm^ti^Mtii)^h^:dK zmx 

ifei*. ^^^^^(ZJfnlii:^-^^:?-^^^;!^^. Al(Z)^;!)Pfi{^0. 02~1. 5mass%i: 
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^^.n'(DSitMnSi(D±mmit^^m^itX-l:lXit2:l)(Dj^^i'l^^m 
mn^<D\i^i±^^^^i^'^X%:k.^t.O. 2~4mass%tb-C*D<ie^.^;eiSfe«9, O. 5 
~3. 5mass%i:L-r*5<vli:;dW*bV^„ Mg{*0. 001—0. 2mass%^;!)fl$'^-C*3 

[0038] ni-^sis-^^tcifco-cfi. zrRt^p^mM^'^^^tKx^i^^m:(D»mit^m 

^;l^4$^^^mJlfe^-*5V^T50Al miJ;^T)i:L-C*5<rttCj;«9. «Bli«<D»i^^#5vlt 

m^^wmmw^iv^oi-t^t>ib. Kii, y ^(D^j^^t^^i^—x^^m^iat. 

[0039] (13) (7)^ft= (m5~m8^^:^(clfeoTf*. StZl (16) (D^#) ^^LT. 

K+B. yli^Pb, Bm^:d^±^^(DmofcUmM'^X'^h])^y^:^i:im—K^^VX 

e/^;!JPX^i^^^^ti-5ffl^(^!lx.f^. :^-y^:=^y^MzhoX\^. ^«x*Nf(-;^/;^^ 
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[0040] mi-msm^^mm^hoxi-x. mfM^^^'7yy'u^mmir^^ti^h^ 

^*b<«0. 2raass%J^T^ .i;l90*L<f*O. lmass%JeJ^T> :grai{-(*0. OSmass 
U<«0. 15mass%iiJ^T. *ait-{*0. 07mass%Ji;T) t-^JPSb-C*3<Ci:;eiW*U 

[0041] 0*uv ^^itecoji^stcfeo-c. mi -^8111-^^}*. '0ai;tf^. »5tx@-e#e>ti5 
[0042] ^ig^f*. f?dx.{^\ mmmmmm^. ry:fu-Ym^\-rr^yy^^:^vm\^xx)m 
fvrz.h(Dt\^xmm^fi^o is*^. ^^iSi^i^. mmmmo 

x(Dmm^^A,fmw.<r>mmmt^ ^^lt. ^mm^mx(Dmmo:>m^tmm(D 

mm) i^x^»mm^:k^^ \ -r^^i^h. '^mm^mi^is\^^xmm^'T>}''^4h 
(D^yh^-~^^]fmi^iimxiotii~£. ^(Dmm^^A.fcmm^f^^ im^m^m^^ 
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mfmm(D^i^M±AT!)^300 UL m^-r ($f *U<}* 150 M mJ^T. J;«9^*b<f^lO 

mm^-h<>x\t.^mw^^mtM7iit(Ditii^3 : mr (^^b<{* 2 : liei^r) 

[0043] ^fc. mtt;^uxi^«, ^!jx.fi\ Bf^Jf m;!JUXi^, I^P^^^;!)PXi^X{«^iEM^P 

. ^ib-CliW^^x^o ■§]giJ^jpX{c:j:«?#^>n5Mtt:&DXi^ 

o*«9^f^iJ>!]PX#ji:bTM#^$tL2)^'^}:ifeo-C}*. (17)(7)^#?r^JSi-§^i:. o 

rev. (Dm^xmww^fcm^i^i^^'x. ■^Mmi^Ki^^nm^^^ir/b)^!^^, 

:^>hxh^. 

[0044] ^i-ns^-^^fi. A^fi^tcf*. Ai^r^Xfi-f^etJici^M-rsibt^-e^ffi^ 
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. X\ :7°^:^\ -f-y-y^^':7\ ^=-:t>. v^a-Y^-h. yT^i^. y^Yyy^^jiVy\ JXhl/ 

—^—^ ^v-~^^v^y\ ^^-~wwy\ ^:^y^/<)vy\ ^^xj—'f/^/v-f^ ^^^(^yy 

M.yVvy\ tVf^/Vi^:/, :^^;v^Wy\ r^'-K/WVV7\ ^=^'f-:^T^Vvy\ U]}— 
y^VV-f, ^^l^^i^y-^, ^N:xK/V=t5/i^, ^^>Y-=iy^. 3^=35/i^, 4^^=35/^?' 

'gfnfif+. I^tK^. ijcTKt^. ihTKt^. Si^^. IS^^. 5>7K^. 
, ^fv-^s^ iJc;*cyX/^. ^^^ffifel^W. 

LT»#t$*v5o $e>l«i}i. ^ti-^>^. UWzr^-^. =3V:/i^5/i^-fBfi, 
[0045] S/c. ±sBbfcMl~m8ia'^^^M^i-5#'^J^^oT. m^T.mc 

[0046] . ^i~m8ii^^^»igX}*-^(7)«^*M (Wt4;!jpxM) 
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r^ttiA^iilHff ZrOffils;^ S ^^^^(Dife^ J;«9 800~ 1 000^ 

i«v ^fcfe . mkni^ mm 2~50mm#.ffi) . mm^m im^ i~ lommss) . m 

m.^J^M< ^.o-^:^i|^^^#<f^A.fc^gB!lJ.^'^-^i^(^^lx.^^. O. 5~65mass%(D 
Zr^1^ W-rSCu - Zr'^^^L< ttCu - Zn - Zr-^^X«:itve><D'a-^^^— 
THt-P^ Mg. AU Sn. MnRVPB^^ibmm^rcimU±<D^^(^7i.m(D^^m: 

^rifxmM^^uti^hL.^^tm^zr(Dm^[:Kx^^^^m±-r^tiii>{a-t. o. 5 

~35mass%(DZr^;15~5Omass%(DZn^-^^i-'5Cu-Zn-Zr'^^(j;!90^b< 
f*l~15mass%©Zr^25~45mass%<DZn^'^W-t-§Cu-Zn-Zr'^^)^^— 

^S, mih!^, mi\:.^tL-X(Dmm^ti:^^J:^^ZT&^^0. 04mass%^^^T. #(-0. 019 

m^nn-m^mi^i!)mTvtcti.x-h.^(D^r^i'iZT^mMi.^^\^m^izitvx 
[0047] (7) (D^i^^m^ir^mi-msm^^^m^fc^ lat. 

ox:mmtfj:^i:^iz^m\^x^<^t^m-^\^\^\ •r^j:t>ib. miz^^ustii. 
mum + 20X:) ^ m^^^^um ^ m^mum + 250*0 o^Hr'^^bT*5<:ii! 

}eiW*L.<. mkwum+ 25%:) ^HJA^M^ (m-B^?fiS+i50T:)cDf5H-e 

i50°Ci^T-efc«9. $f*U<f*iioo°Ci^AT-t?^«9^ J;«9^*L<{^1050T:iJ;^T-^fcS 
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[0048] ^^pj<D^'^^«. mmm<\:^^x^^^Bmmm^\:.^fi^itib. mm(Dm<D^ 

mxmi^mm'r^mm^-^^mmx.^-t. ws, ^^t^^, ^tv>^vt-^ 
, 4i^-<=7, mm^, ^>ymwa, ^^m)^&tf'^:y^. um-^^^^^. = 

^wy-r^m^. ^-Y:7Vi5'-§Pp"p. ^-://vihJ?)^^. ^^«iST>'7^^ifiSp"n. 
^mxi-t^fih<Dmmut\^xmmi^mmir^:it^^^x^^o 

x?>^m^^^\:^^^tf£<^zrRxj^p<D^m^^i^i.^^^Bn(Dmm^\:.^mm^x 
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[0052] m imMm<Dm^'^No. 79<D:^^y^l^i^f^ mWiM) '^-K-efcoT. (A) it-^^^vi 

m.m^^}<'rh(Dxm. (b) i-i^^uum^^'rh(Dx^^o 
m4]itmm(Dm^^'^o. 202tcov ^xcD^mmmiti^nmi^i^iir^B^mm^t 

m8mmm(Dm^^^o. 72x;h^mitmc<D^mm^m7<DMm^^^'r^x> 
(t^) (DiiAXw-mmxh^o 

miommm(Dm^^No. 73x:h^m^^ii^c(D^mm'^im7(DMm^n^ir^ 
miiz^'A)xh^o 

mis']tmm(Dm^^No. 224xh^m^^!^ci(DmMWTmm m7<DN-Nmm 
mmi^m'^)xh^o 

[0053] mMmt\^x. mi^^8iz.7^-rm.f^(Dm^^No. i~no. 92^. mmmA, b, 

C, D, E, FRXfM'maJLmGt^XntCo ^fc. itW!ji:bT. ^9~^12}C^-r 
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M^O^-a^-i^No. 201~No. 236^, ^it^Al, Bl, CI, Dl, El, Fl, GlR 
[0054] m^^<^A{m^^^o. l~No. 46)RXJ^A1 (^-^^No. 201~214) ^M)Pi 

mm-m:^j eokg) izmmmmmmm^Hmh.xfj:^mmmm^^m\^xm^(o. 3 

~No. 52)&t/Bl(i^'^^No. 217, No. 218) _hfELfcftit«^A, AI^IrHH 

mm')^ mmmti : eokg) tc:;^Mie^»it^^#^b-c/^§»it^m^^fflb 
xis.mamy'^)xmmm^^^nfc^<Dx\ 8mmm(Dmuxh^o ^'cC*^. fRitvo* 

liM-^^>PL7^c?;as^>SJ^-e^fofc:o ±ieb:fe^5t«^A, B, Al, BK^il^txa 

{cSboTtt. m^J^^^i^Zr^Cu-Zn-Zr-^^ (Zr^3mass%-^tf ) CO?I^^-e^^JP 

»iz.^jas^^^^»i^#i(o«^#;^(Disia^?ag<t«9 loor i«<^ 

j£b:fco *fdSat^Al(^-^^No. 215, No. 216) «Tf?|g<^40inm#<^#M^ 
J^*(No. 215{iCAC406CtC+BSi-S)-efe§o 
[0055] ^^gi^CC^-^t^No. 53~No. 73) . D(^'^^No. 74~No. 78). CK^-^^ 
No. 219~No. 224)^OTl(a^'a'^No. 225, No. 226)\^, i^inh. M%M(D 
m&m^^(mmUm:1005°C±5X:, J±;^;390mbar. M^Ffl:4. 5#, {ISri^^ 

. Dm^m^mmL^xmi^^Hfch<Dx:^^o 

[0056] ^5t«^E(^'^^No. 79~No. 90)25.t/El (^-^^No. 228~No. 233) {i. 
or#bHfcRt£ffm (liC^ : 40mm, : 280mm) Oj^M-efeSo 

[0057] ^ati^F(No. 9i)^OTi (No. 234) mmm<Di&mm^^Kx^xmc±mm 

6^ (jp:^ : 190mm, i|ii900mm, : 3500mmCD-f ^^=f5/h) Xh^^ 

[0058] m'\±MJLmG m^^No. 92) , (240mm^(Dtf v^/h) ^mf^^tni^xm 

htlfc^lOOmmCDmtX^^o ^fc, MIlfelJPX^lGl (^-^^No. 235, No. 236) 
{*.{MJtLtrff|g(Z)|f|±|-tt##(40mm#)-e*>§o No. 235 WIS C3604 
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{;ifflE^L. No. 236}tJIS C377llcm^^i-:5o tiio^ &.-r(DMmi^:}S\,^Xn.m 
agi^A, B, C, D, E, F^U«m^±;?)PX^|^G^^^jtFl|i^JiV^V^, ^igi^Al, Bl, C 
1, Dl, El, Fl. GlRXfmmQJimG2^^it^m^it\^^^^t7!)^h^o 
[0059] MbT. 'MMmmA, B. C. D, E. GRXJ^it^WmAl, Bl, CI, Dl, El, Gl, 
G2;6^bJIS Z 2201};l^fei-:5lO-^K!|^>^'^^g^Ur<^^i^>^-(;loV^■rT^X 

min).iW(%)RXfmmmm(NXmia)^m^\^fCo ^<^*g;^«. ^13~^18 

ts:id^mi^mc, D, CI. Dl^cov^-c^*. f^:i^>i-%lii6};i;?:i-^iia5K;6^fe^gSib 

m^n-oxmm^^M (n) ^»j^ufco 

[0061] i-T^et?^. ^JS0!l#»A, B, E, G^u?W:tfe^[|i^Ai, Bl, El, Giib^hWMUtm^ 

m<Di^m m^. MM^<^h v ^^-.-e'^ . y-;^ : o. 4mm) ^mui-ftzmmK 

J;«9.^MS:80m/^, §]3A^^$:1. 5mm. j^<9:0. llmm/rev. (D^i^R 
XJ^mWr^lM-.ieOmX'^. 5mm. ^"9:0. llmm/rev. 

(a) mmv< i-i^n M^t^'r/i^}\ jfmm5 (a) > . (b) ^^25imn^r<^y'-^M' 
mmmiB)). Mnmmmmic)). (d)s$75mmJiJiTo^-7°?i^^((b)^^ 
od^nKD). {e)3m^ur(DmmnmmmiB)) . (f);S$:os75mm^M;t57^- 
:/?i^ifc»t ( 1^ 1^ (F) (g) 3^^^m^?>mmM^ ( m 0 (o ) 70 (ji^^br^iij 
i^^^ijsb. ^i3~^i8tc^L/co ^^h(Dm\^id\^^xi-i. mmi^MTi^Mx^^h 
<D^m]X\ (h)xh^h<D^^O}X\ (c)xh^i^(D^^m]X\ (d)-efe5^>(D^rnj 
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xo<<^mmh:^j:^-^^t:d^ib. mM(D^mhm-^x'h^. mL. {c)\z.^\^x\±. mm^ 

^_b-cii. ia)f)>m^xm. (.h)i)^^fh\z.m^. (.c)ifi^mxm. {d)i,^-^^mtx 

^(Dx^^z.tti^mu^fitio 
[0063] *fc. 'Mmmmmmmm&.^)AMmmir^<. ^<Dx.ofmnwm:n-^f^ 

[0064] ^-f s mmmmA, E^lJ^lttSe^rrlJ^Al, E1, G1;6^^>. rtt{^^|iJ*PX^t^:A:K(t 
;0PX^^iS-r^i!{Cj;i9. ^^32mm, (tt^;^rp]ft^) 10mm(Dy^i/^|^i^>r 

®ljtco^jl[iiJ;i-^/V5^5r-r/W^?^TLoo. lll^WSr209r. p. m. T*lHlte$-^:^c„ 

^UT. m.mrf<Dmmmno7omi:imvfc\^^x. m^)f(Dm^^w±vx. m.m 

<pf£\^^n. Mmnm^^nfcm^±t\^^^^t^^x^:5:^^. ^<Di^^i^. *i9, *2o 
Rxfm22--24j,c7i<irm<oxh'o . mmmmmmm^^i:\^ ^vmrnm^mti^^t^^ 

U«rjlS H3250J t^^^^;h.5J^^;^^l**'Jn^i^^^T''cCofCo 

[0066] 'rfj:t>-h. v'g^'.nti— v?3>-f^i^I~III^;I*^v^T^*. 'MMmmA, C, D. E 
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^icicuci •2H 0(0. i3g/L)^5igi-^$>&fc^^:ftm*^. 

2 2 

^-:^hy (Nacio) {c^Mt^:^^ (Hci) ^mMi.fcm-^m^. mm'Lti 

[0067] riSO 6509J(DJ3^&MiaMl!bKi^^^*5V^-rfi. ^ife^!)i^A, C, D, E^t)?it 

l^^jj^Ai, El. Gi^i^;ei-^,$i^Lfc^;^:f^. #«^3N-^®;os#*i;^r^a(->^J-b-c 

u^nm^. 1. o%(Dmtm2m27i^^m(cuci •2h o)(7);^c^?^->t'(;immu 7 

2 2 

m^<DM:xm-^^^M:±m.m§^mm^^ ( iu m) ^m^i^tco t(Di^m^. *i9~* 

24(;i^^i-ii«9T'fco:^o 
[0068] *^c. rjis H3250J<^;^;;0^lif"J^^^i^^^oV^-C^4. »it<^B, Bl;6^b^®iL.^c 
^)|:^(^^;|Sf (iH : 10mm, : 60mm, : 5mm) 45° ^Jfc-rv^;yt (B ftSP 

fc±-C\ 12. 5%<DT^^— T7k(T:^^rzT^^*cD|ifi7K-e-#ii)fe^)(D)^Anfc 
7^V^-i5'rt<DT^^^:=^T#ffl^(25'C) {^i^i^^-frfCo -^br. ^f^cDfl^^P^K 

^Ufc±. y^^t*:3|s|-ofiJti.<DW«^t£:^l^(iofg^)r*«^l,. fiJ5£bfCo ^olS^fi 

^wmm^^'^8mmmmm^:iis\. ^xnm^^^miit>brits:7!)^<:>fc^\ 24^F^MNFt- 

m^Xi^mm^j:mtii!)^^ibit>^fc.-h<D\z^\i^xmAiX\ 24l^ra@i^^te:*3V^-C 
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[0069] */c. mMmmRxfii.^m'^<Di<^mj]\\i:m^itm^xm-Mir^fcib ^0^5 

[0070] irti:t>1b . ^agi^A, B, Al^^b^ : 5inm, : 7. 5mm<^ Rtt)|^t*:^£|-Srii^MtvI 

fj:7!}^oti-h(D^'^m&mMj:mzmti?>ii(DkL-x ^0]x;r<u mmm3o%xnm 
xwmx^:5h(Dx$>v. nm-A^ roj (Dh<Dx\^m^MK-DMmm(D:fyiy^iMT.^n'? 

mmmmf^^wmvfco ^(D'^^i-im2o. m22Rxim24\z^'rmvxhv. mm 
mmi-immmMm^^ti^-h<Dxh^^ttmm^titio ^fhh(DmKis\^xi^. so 
%(DmjLmxmti^m^i^tf:^^<>fci^<D^. mmm^m^mfi^t\.x r o^x^u 

80%(D;!jpx^-^«^^;^i#jnd5^^fcLfet><^(^65%<D;tlPX^riifiJtv;5S^Djfed^ 
ofc^>0^. ^^:^mm^it\±^^ir:5h(DbVX^AiX^U *fc65%(^iPX^-e 

[0072] ^/c. mm0mRxfitmmmi^-o\,^xm^^itmmm'r^<. ^^(Dx^fj:mm 

Xi^mfiL^m-^Vtio irf£i:>-h. #*>t^igi^B, Bl m:8mm)(C#j^PX€rJib-C 
, ^:6. 4mm*-e-|lI<7)#J^;!jPX(;!jPX^:36%)T?#JtL^^l:^5^i!/K#ilft-C# 
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fchcomWm-imn^tm'&U^:?. 0mm*-e-[eI(D#^;()PX(APX^:23. 4 

ti^xoiz., mmmmi-i. itmmmi^iti.x. i^mmcmtix\^^^t^mm^tif:i 

o 

[0073] */c. mmmmRxj^itmrnK-o^ ^-c. mi^\±^m^i^fco 

i±(Dm^^mmi^fco 'r^j:t>h. m^M^^i^nm^^^^xn^ m^mm^2mx^ 

X{*it«?1^JT'^5t^Bl^#^c»^)il^-^g^^fflb-CN-^#(-J:?)^:8m 

•e^L. j>:Pilo;iev ^mu^m7^mm^^-^xiin^^ti)^x^fi:7:)^otcmniy^(D 

mmmmxm^^t^^x^fdb(D^-'mmj:mm\±^^-r?>h(Dtvx r a j -e^u. 
<s)£»5t(im/5» i^xoxhiKm<D^j:\^^mmmmB-i^m^^t^^x^^^^oit 

[0075] ii2f^. mmmc, cKDmni^ (me^m) ^mmi^x^ ^(Dwmn^(D\^mi^i3iir 
^wmM m70m) ^mmvx. ^m(DmmRx^m-^(Dn^\z.x.oxmm:nm 

bfco */c. x>nn>M[:immf£^m-A^f£<K-DX>ni:>^\^Em<f£\^h(D\zL-^\^x\i^ 
xttwt;dm^t>oij<^i;iov^-c{*. mi&m^'i^^h(Db\^x^ y. \xm\jto -onn 
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[0076] ii3{^. mmmmRxfitmmm(D'^mmmmm^-^\^ ^xh. itmm-m'r^<. ^ 

[0077] irf^t)^. mmHiidA, Al, El^iti-^I^J-'KfflUfcM^tritijaf-An. ^^iHl 

'i^^-i. mi9. m23RXJ^m24K7f^irm'0Xh'0. I^Wfl^f* (14) (15)(D^^t^ 

m&u ^^mmm^^m^^ti^h(Dx$)^^t7i)mm^nf:io rtl.b(^*^-*3v^•rfi 
3oouLm^rxhoft.h(D^s ^^mmmmmzmMtnmvx^Oix^u mm 

mm^h.x\. ^f£t^otL^(o^. :jimmKm^x^^u^(D^m£^mmm^:&m: 

[0078] *fc. ^^feF!I^|^A~G^WbWJ^Al~Gl^::oV^r. ^<^^jli[S|'fb^}C*3itS 
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^m^n<D^mm^mm^nm^m^vt:io ^fe^^.^iti^c, d, ci. Dl^c:ov^ 
ii<DX\ wmm^mmx::^^y^>yi.tz.^. mmmm^o. 5mm^®x.5^j(^«^BM 

Xm^V. 0. 5mm£lT(D^(DiZ^\,^Xm. Bi^iZiAzKLXM^l^. ^0. ImmX^ 

[0079] 'MMmm\^-^^^xmi2) (13) <Dmw^m&ir:6h(Dxh^^thmm-^n 
i^^Mmm(A))Rxj^%^umM^M(mm(B))x:hv. m2i-ii;tmmmi>io. 228 

28«(12) (13)<D^#^^J^lbTV^^<CV^^S^ MmmmNo. 79{4(12) (13)0^# 

[0080] ^±<D^tt^h. mmmmi^. ^m^7nmi)mi!^i^tMmx^^^tix:^'o. (d 
~ (7) (D^fr (Ms-^s^-a-^dov {ii^t- (8) (D^m ^m^-r^^ti:ix^^ 
:.fih<Dm'^(D{P-^j:<th-m^m&vfj:\^^iti^mm^it\^x. mnm. mmmi^M 

_b}i. ±m^m^Mx.x. (lo)~(l5)o^#(t^5~^8^'^^^;Iov^•r^«^^( 
9) (16) (D^m^m&'r:^^tiz.x'o. xm^mim'o^^^t^mm^titc, rtt^ 

Zr^-^^U^iV^j^^^V^r^-^^No. 9itmtm—m.i^^ti:-r:h:j^m^o<io 
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[0081] *^c. Pb^#^i-^^5g#)C, CI, DliCoV^T. rjiS 33200-7:2004 tKM 

0. 1. M:45±5mg/L, T/V:^yi^ : 35±5mg/L, n^MM-.O. 3±0. Img/ 
D^ttmiSirU-C^fflb. m^mc, CI, Dl{CgJf^(D^5fel^^ajttJ«=i^^7^V^>3= 

^-i^^mu^c^. ^^^3ti^C, CI, iDi<D^'^^r>-m:^m.:^—^:^mmmm) 
/D^sij^-r^ttT^-^^^s, ^21. m23isaJ^2A\^^^m^xm. 

[0082] *fc. ff^-^^No. 54<D^jti^C;a^e>Mit§UK (06#fl^) ^^g^br. ^^rx^WM- ( 
Zr:0. 0063mass%)i!UT^'^#?r»5tbfCo i-'^cfc:!?'^. ^^^^Ig|3K^^ 
«T-e. 970T:-eTO^i?L. 55)-r^^*=i^#. ^^P^Bt<^Zr©^{bD^5>^0. OOlmas 
s%i:M.iZiA/-T:\ ^cDZrS{C^-a-5^. Zr^Smassro-g-^fr^Cu-Zn-Zr-^^Sr 

tmPcX^^m-k^^o. 54^{${^II|— (0. 0061mass%)-^*><9, 
S'JSbfc^:!^. ^f^^c^-^^No. 54^{5{^|W|— <Z)25Axm-C$>o/Co 

myx^K^fi^m%mnb\^x\^m'r^^hi)^x^^mmmm:m^x^^^<K 

[0083] [^1] 



wo 2006/016624 



36 



PCT/JP2005/014691 















mass 9t) 




N o . 






Zn 


Si 


Zr 


p 


Pb 






Fe 


Ni 




1 


A 


76.2 


20.68 


3.05 


0. 0007 


0.07 










2 


A 


75.8 


21. 10 


3.03 


0.0018 


0.07 










3 


A 


76.1 


20. 80 


3.03 


0.0058 


0.06 










4 


A 


75.8 


21.09 


3.03 


0. 0094 


0. 07 










5 


A 


76.4 


20. 49 


3.04 


0.014 


0.06 










6 


A 


76.6 


20. 20 


3.1 


0.018 


0.08 










7 


A 


76 


20. 84 


3.04 


0. 028 


0.09 










8 


A 


76 


20.83 


3.04 


0.037 


0.09 










9 


A 


76. 1 


20. 79 


3.02 


0. 003 


0. 09 










10 


A 


74.5 


22.60 


2.8 


0.01 


0. 09 










11 


A 


77.2 


19.42 


3.3 


0. 009 


0. 07 










12 


A 


81.6 


14.47 


3. 85 


0.017 


0.06 








13 


A 


79.2 


18.00 


2.7 


0.021 


0.08 










14 


A 


78 


18. 88 


3.04 


0.009 


0.07 










15 


A 


75.8 


21.01 


3.03 


0. 017 


0.08 






0.06 




16 


A 


75.7 


21.06 


3.05 


0. 016 


0.09 




0.04 


0.04 




17 


A 


75.8 


21.02 


3. 06 


0.017 


0.08 




0.018 


0.009 




18 


A 


76 


20.87 


3.05 


0. 009 


0. 07 


0.002 








19 


A 


76 


20. 89 


3.03 


0.009 


0. 07 


0.006 








20 


A 


76.1 


20. 76 


3.05 


0.009 


0. 07 


0. 012 








21 


A 


76.3 


20. 55 


3.05 


0. 01 


0.07 


0. 018 








22 


A 


76.3 


20. 55 


3.03 


0.009 


0.07 


0.04 








23 


A 


76.2 


20. 59 


3.05 


0. 009 


0.07 


0.08 
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$ 

(0 
0) 
(0 

E 

V — <r 






































0.008 


0.035 








0.032 


c 






























CNI 


d 














CM 
































CO 

d 




CO 










SO 


0.04 


CO 












































0.09 




c: 






















CO 

d 


so 


0.11 














LO 

d 


CM 

d 




o 


Q. 


0.18 


0.31 


0.01 


0.018 


0.12 


0.28 


0.07 


d 


0.018 


0.019 




















0.015 


0.09 








0.07 


0.07 


0.07 


0.07 


0. 08 


0.08 


0. 07 


0. 08 


0. 08 


0. 07 


0. 07 


0.07 


0.06 


0. 08 


0.15 


d 


d 


0. 08 


0.08 


0.12 


0. 09 


0. 08 


0. 09 


Zr 


0.009 


0.008 


0.009 


0.009 


0.008 


0.008 


0.008 


0.009 


0.009 


0.009 


0.009 


0.008 


0.009 


0.014 


0.012 


0. 016 


0.022 


0.0007 


0.0017 


0.005 


0.011 


0.011 


0.0055 


CO 


3.04 


3.02 


3. 05 


3.05 


3.04 


3.04 


2, 75 


2. 76 


CO 


CO 


3. 07 


3.14 


3.04 


3.12 


3. 95 


3. 68 


3.13 


CM 


3.12 


3.06 


3.03 


3. 22 


3. 98 


Zn 


20. 50 


20. 49 


18. 66 


18. 85 


18. 65 


18. 59 


23. 90 


23. 85 


17. 39 


19. 30 


19. 75 


19. 08 


19. 98 


17.59 


20. 39 


18. 20 


17. 95 


19.91 


20. 26 


19.10 


20.08 


18. 30 


18.05 


Cu 


CM 

to 


CO 


CM 
CO 


OO 

p*- 


od 


OO 


CM 

CO 


CM 
CO 


OO 
CO 


CM 


OO 
CO 


CM 


OO 
CO 


od 


LO 

CM 


CO 


LO 


oo 
to 


LO 
CO 


CM 


LO 

CO* 


OO 


LO 




W 


-< 


•< 


-< 


•< 


■< 


«< 


•< 


<c 


■< 


<C 




-< 


■< 


-< 


■< 


-< 


•< 


•< 


-< 


■< 


■< 


•< 


•< 


No, 


CM 


CM 


CO 
CM 


CM 


oo 

CM 
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[1] Cu:69~88mass%i:. Si:2~5mass%i!. Zr:0. 0005~0. 04mass%i:. P:0 

. 01~0. 25mass%t^Zn:^^t7(>^^i^. 

7n^a(Z)-^^4[a]mass%{3:oV^-C. fO= [Cu] -3. 5[Si] -3[P] =61~71. f 
l=[P]/[Zr]=0. 7~200, f2=[Si]/'[Zr] = 75~5000^m3=[Si]/'[P] 
= 12~240(DP#.^WU 

0V^Tf4=[a] + [y] + [K]^85<5t^J'f5=[y ] + [k]+0. SEjti ] - [ j3 ] =5~ 

[2] Pb:0. 005~0. 45mass%^ Bi:0. 005~0. 45mass%^ Se:0. 03~0. 45mas 

s%^OTe:0. 01~0. 45mass%7b^hmi^^ivftim^±<D^m^'BEi^i^^L,. 

7C^aCD-^*a[a]mass%f:ioV^-C. fO=[Cu]-3. 5[Si] -3[P] +0. 5([Pb] 
+ 0. 8([Bi] + [Se])+0. 6[Te]) =61~71. f 1 = [P]/[Zr] =0. 7~200. £2 
= [Si] X [Zr] = 75~5000. f 3 = [Si] X [P] = 1 2~240&m 6 = [Cu] - 3. 5 [S 
i]-3[P] + 3([Pb]+0. 8([Bi] + [Se])+0. 6[Te])''^^^62^m7= [Cu] -3 
. 5[Si]-3[P]-3([Pb]+0. 8([Bi] + [Se])+0. 6[Te])'''^^68. 5(.-^^Vfj: 

OV^^:f4=[a] + [y] + [/c]^85^m5=[y] + [K]+0. 3[ju]-[3] = 5~ 

95(75 M-^ (-^^b^iv >+ib{cov [b] =oti-5) 

[3] Sn:0. 05~1. 5mass%. As:0. 02~0. 25mass%^t;«Sb:0. 02~0. 25mas 

7^^a<:D^#4[a]mass%^;loV^-C.fO=[Cu]-3. 5[Si] -3[P] -0. 5([Sn] 
+ [As] + [Sb]) =61~71, f 1 = [P]/[Zr] =0. 7~200, £2 = [Si]/[Zr] = 75 
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~5000:S:m3= [Si]/[P] = 12~240(-a WU/^V^5E^a^;IoV^-C{i[a] ^OtT 
<3V f 4 = [a] + [v] + [K]^ 85^m5 = [y] + [K]+0.3[ju]-[i8] = 5~ 

M Sn:0. 05~1. 5mass%. As:0. 02~0. 25mass%JltJ?Sb:0. 02~0. 25mas 

7C^a(D-^^M[a]mass%(;ioV^-C. fO=[Cu]-3. 5[Si] -3[P] +0. 5([Pb] 
+ 0. 8([Bi] + [Se])+0. 6[Te])-0. 5 ([Sn] + [As] + [Sb]) =61~71, fl = 
[P]/'[Zr]=0. 7~200. f2=[Si]/[Zr] = 75~5000, f3= [Si]/[P] = 12~ 
240. f6=[Cu]-3. 5[Si]-3[P] + 3([Pb]+0. 8 ([Bi] + [Se]) +0. 6[Te])' 
^^^62:S.t/f7=[Cu]-3. 5[Si]-3[P]-3([Pb]+0. 8([Bi] + [Se]) +0. 6[ 
Te]) '-^^^ 68. 5 (-^^bJfcV ^5c^a(c:oV ^T^*[a] =Ofir^) (DM^^r^TU 

affii: K le^tJ^VXf* y ^i:^^#bl.o®^^{^43it^t@b(^^Wa[b]%ic 
OV^-Cf4=[a] + [y] + [K]S85^m5=[y] + [K]+0. 3[m]-[;3] = 5~ 
95<DM^ (fr^b/^V ^^BblCoV ^Tf* [b] =0i:-r5) ^^-rS-feMi^M^JfeU 

[5] A1:0. 02~1. 5mass%. Mn:0. 2~4mass%S.t/Mg:0. 001~0. 2mass% 

7^*a(D-^Wft[a]mass%^^:oV^■r. fO=[Cu]-3. 5[Si] -3[P] +0. 5([Pb] 
+ 0. 8([Bi] + [Se])+0. 6[Te])-0. 5([Sn] + [As] + [Sb]) -1. 8[Al]+2[ 
Mn] + [Mg]=61~71, fl = [P]/[Zr]=0. 7~200, f2= [Si]/[Zr] =75~5 
000^m3-[Si]/'[P] = 12'-240(-^^b7^^V^^*a{^OV>Ttt[a]=0i:i-5) 



wo 2006/016624 65 PCT/JP2005/014691 

oV^-Cf4=[a] + [r] + [/c]^85^t5f5-[^/] + [K:]+0. 3[ m ] - [ J = 5~ 

95(^M# (-^^b/^v ^;f^b^e:ov ^r « [b] = oii-^) ^#-r?)^jRm^^^^u 
[6] 5fcma<D^mmLei]ma3s%tmmmz^if^m<D^^mLh']%t<DmK. f8=[ 

y] + [/c]+0. 3[;i]-[i3]+25([Pb]+0. 8([Bi] + [Se]) +0. 6[Te])'"'^^ 
10^m9=[y ] + [k]+0. 3[M]-[i8]-25([Pb]+0. 8([Bi] + [Se]) +0. 
6 [Te] ) '^^^ 70 (fr^U/cCV ^^maRXfmhKo\^ ^Tf* [a] = [b] =Otir^) <Dm% 

[12] Fhx\-iBi'h^^^-^fix\^^m^\^^^x\i. w^xi^^^cDmottPhn^xitBi 
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^y'f;v, ^—yk^-^y^f/U, y^yK ^^X, y^y^, ^yv^i^^. 
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